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(67)  There is described in the specification a mer-
cury-free manganese dry battery wherein the cathode
mixture (1) contains boric acid or an alkali borate at a
ratio of 0.04 to 0.4 parts by weight per 100 parts by
weight of manganese dioxide as a boron conversion
value 2 or wherein the separator (3) contains boric acid
or an alkali borate at a ratio of 0.1 to 8.0 parts by weight
per 100 parts by weight of a dry solid content in the
pasting agent. Such battery performes excellent dis-
charge properties under light loading conditions.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a mercury-free manganese dry battery and more specifically to an improve-
ment in discharge performance of the manganese dry battery.

[0002] Mercury has mainly been used as a corrosion inhibitor of the zinc anode can in manganese dry batteries. In
this case, mercury is included in the separator and incorporated in the battery. The separator is obtained by applying a
sizing agent on a separator base sheet and drying it, where the pasting agent is provided by dissolving starch and a
binder in an alcohol solvent. The cathode mixture is covered with the separator and charged in the zinc anode can. Mer-
cury of several % by weight has generally been added to the pasting agent, which is applied on the separator. When in
close contact of the separator with the inner surface of the zinc can, an amalgam is formed on the surface of the zinc
can and thus effectively prevents corrosion of the zinc can.

[0003] From the viewpoint of the environmental protection, a variety of mercury-free dry batteries have been devel-
oped and proposed; for example, one using a zinc alloy of high corrosion resistance (for example, JAPANESE PATENT
LAID-OPEN GAZETTE No. 6-196155) and one with an anti-corrosive additive (for example, JAPANESE PATENT LAID-
OPEN GAZETTE No. 4-10357).

[0004] When a mercury-free manganese dry battery is discharged under a specific loading resistance, the discharge
capacity may be lowered extremely. This phenomenon specifically occurs in the course of discharge under light loading
conditions.

[0005] The exireme decrease in discharge capacity may be ascribed to an abrupt increase in internal resistance of
the battery in the course of discharge in the case where the manganese dry battery is discharged at the resistance of
light loading. The abrupt increase leads to an abrupt drop of the closed path voltage in the course of discharge under
light loading conditions.

[0006] The possible measure to prevent the increase in internal resistance increases the amount of electrolyte solu-
tion in the cathode mixture or in the pasting agent of the separator or alternatively increases the amount of carbon used
as the conductive material in the cathode mixture. These methods, however, decrease the amount of manganese diox-
ide in the cathode mixture and thereby deteriorate the overall discharge performances of the batteries including the dis-
charge performance under the heavy loading conditions.

[0007] The object of the present invention is to solve the above problems and to provide a mercury-free manganese
dry battery that prevents an increase in internal resistance in the course of discharge and has excellent discharge prop-
erties especially under light loading conditions.

[0008] While the novel features of the invention are set forth particularly in the appended claims, the invention, both
as to organization and content, will be better understood and appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE VIEW OF THE DRAWING
[0009]

Fig. 1 is a partly broken sectional view illustrating a manganese dry battery embodying the present invention.
BRIEF SUMMARY OF THE INVENTION

[0010] At least part of the above and the other related objects is realized by a mercury-free manganese dry battery
comprising a cathode mixture containing manganese dioxide as an active material, an anode containing zinc as an
active material, and a separator including paper with a pasting agent applied thereon, wherein the cathode mixture con-
tains either one of boric acid and an alkali borate at a ratio of 0.04 to 0.4 parts by weight per 100 parts by weight of
manganese dioxide as a boron conversion value.

[0011] In accordance with another aspect of the present invention, the separator contains either one of boric acid and
an alkali borate at a ratio of 0.1 to 8.0 parts by weight per 100 parts by weight of a dry solid content included in the past-
ing agent as a boron conversion value.

[0012] The arrangement of the present invention provides a manganese dry battery that prevents an increase in inter-
nal resistance in the course of discharge and has excellent discharge properties especially under light loading condi-
tions.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] In a manganese dry battery embodying the present invention, boric acid is contained in the cathode mixture
by blending and stirring powdery boric acid, manganese dioxide as the active material of the cathode, and carbon as
the conductive material, by adding an electrolyte to the mixture, and, then, by kneading the mixture well.

[0014] Another method of making boric acid contained in the cathode mixture first blends and stirs manganese diox-
ide and carbon as the conductive agent, then adds an electrolyte with boric acid dissolved therein to the mixture, and
kneads the mixture well.

[0015] An alkali borate may be contained, instead of boric acid. Typical examples of the alkali borate include sodium
borate, potassium borate and the like.

[0016] Boric acid or alkali borate functions to prevent the internal resistance of a mercury-free manganese dry battery
from increasing under a specific discharge condition. In order to obtain such effects, it is required that the cathode mix-
ture contains either one of boric acid and an alkali borate at a ratio of 0.04 to 0.4, more preferably 0.08 to 0.2 parts by
weight per 100 parts by weight of manganese dioxide as a boron conversion value.

[0017] The boron conversion value of less than 0.04 parts by weight does not effectively prevent the internal resist-
ance of the battery from increasing in the course of discharge. The boron conversion value of greater than 0.4 parts, by
weight, on the other hand, does not have any additional effects but undesirably increases the internal resistance of the
battery before discharge. This may deteriorate the battery performances under the continuous discharge condition of
heavy loading, such as 10 kQ.

[0018] Ina manganese dry battery of another embodiment according to the present invention, boric acid is contained
in the pasting agent of the separator. The separator is obtained by applying a boric acid-containing pasting agent on a
base sheet, such as kraft paper, and by drying the pasting agent. It is preferable that the pasting agent mainly includes
starch and a binder.

[0019] An alkali borate may be contained, instead of, boric acid. Typical examples of the alkali borate include sodium
borate, potassium borate and the like. It is required that the separator contains either one of boric acid and an alkali
borate at a ratio of 0.1 to 8.0, more preferably 1.0 to 4.0 parts by weight per 100 parts-by weight of a dry solid content
in the pasting agent as a boron conversion value. The basis of this range has been described previously in the case
where boric acid is contained in the cathode mixture. Further, if the content of the boric acid or alkali borate in the past-
ing agent is more than 4.0 parts by weight, there, is relatively problematic tendency that the pasting agent is liable to
separate or fall out from the separator. By considering such a tendency, the content of the boric acid or alkali borate in
the pasting agent is preferably 1.0 to 4.0 parts by weight.

[0020] The actual content of boric acid in the pasting agent can be less than the content of boric acid included in the
cathode mixture. This is because boric acid included in the pasting agent more effectively depresses the battery reac-
tions, which lead to an increase in internal resistance of the battery in the course of discharge.

[0021] The present invention is described in detail with an embodiment as follows.

[0022] Fig. 1 is a partly broken sectional view illustrating a manganese dry battery R6 as one embodiment of the
present invention.

[0023] Referring to Fig. 1, a cathode mixture 1 with manganese dioxide as an active material is inserted in a zinc can
2 via a separator 3 and a bottom sheet of paper 6. A carbon rod 4 functioning as a current collector of the cathode is
inserted on the center of the cathode mixture 1. An opening of the zinc anode can 2 is sealed with a resin gasket 5. An
anode terminal plate 12 and a seal ring 7 are disposed on the bottom face of the zinc anode can 2. A projecting end of
the carbon rod 4 is covered with a cathode terminal plate 8. The circumference of the zin¢ anode can 2 is covered with
a heat-shrinkable resin tube 9, which is further wrapped with an metal jacket 11. An insulating ring 10 is interposed
between the cathode terminal plate 8 and the upper end of the metal jacket 11.

[0024] The cathode mixture 1 was prepared by adding 75 parts by weight of an electrolyte to 100 parts by weight of
a cathode mixture where the mixing weight ratio of manganese dioxide to acetylene black was 7 to 1. The electrolyte
was provided by dissolving 43 parts by weight of zinc chloride and 1 part by weight of ammonium chloride in 100 parts
by weight of water,

[0025] The separator 3 was obtained by applying a pasting agent on kraft paper and drying the pasting agent. The
pasting agent was provided by dissolving crosslinked starch and a binder mainly consisting of polyvinyl acetate in an
alcohol solvent.

[0026] The zinc anode can 2 used here was a zinc alloy containing 0.4 % by weight of lead.

Examples 1 to 4 and Comparative Examples 1 to 4
[0027] As shown in Table 1, dry batteries "d" to "g" of examples, where the cathode mixture respectively contained

powdery boric acid at the ratio of 0.04 to 0.4 parts by weight per 100 parts by weight of manganese dioxide as the boron
conversion value, and dry batteries "¢" and "h" of comparative examples, where the cathode mixture respectively con-
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tained powdery boric acid at the ratio of 0.01 parts by weight and 0.8 part by weight, were manufactured by the above
method.

[0028] Another dry battery "b" was also manufactured by the above method, except that no boric acid was contained.
This corresponds to a prior art battery.

[0029] Still another dry battery "a” of comparative example was manufactured by the above method, except that no
boric acid was contained and that 2 parts by weight of mercury(l) chloride as the mercury conversion value was added
to 100 parts by weight of the dry solid component in the pasting agent of the separator.

Examples 5t0 9

[0030] Dry batteries "i" to "m" of the other example of the present invention was also prepared as shown in Table 1,
where 0.1 to 8.0 parts by weight of boric acid as the boron conversion value was contained in 100 parts by weight of
the dry solid content in the pasting agent of the separator in the manganese dry battery R6.

[0031] Table 1 shows the data of time duration (end voltage: 0.9 V) in the case where the dry batteries of Examples
and comparative examples were continuously discharged under the loading of 10 kQ. Table 1 also shows the observed
internal resistance of each battery at the point of time when the discharge capacity of the prior art battery "b" was
extremely lowered, which showed the termination of the time duration, in the course of continuous discharge under the
loading of 10 kQ.

Table 1
Battery | Boric acid content(parts by weight per | Addition of Mercury Discharge under loading of 10 kQ
100 parts of dry solid content)
In cathode mixture | In pasting agent of Duration time Internal resistance
separator (ratio)
a 0 0 Added 100 10
b 0 0 Not added 66 100
c 0.01 0 Not added 70 100
d 0.04 0 Not added 95 30
e 0.08 0 Not added 100 9
f 0.2 0 Not added 100 8
g 0.4 0 Not added 100 10
h 0.8 0 Not added 100 12
i 0 0.1 Not added 90 23
i 0 04 Not added 98 20
k 0 1.0 Not added 100 15
I 0 4.0 Not added 100 13
m 0 8.0 Not added 99 17

[0032] As clearly understood from the data of Table 1, like the boric acid-free but mercury-containing comparative
example "a", the mercury-free dry batteries "d" to "g" of the present invention where powdery boric acid was contained
in the cathode mixture, had significantly better performances than that of the boric acid-free prior art battery "b", in the
course of continuous discharge under the light loading condition of 10 kQ. Further, among the dry batteries "d" to "g" of
the present invention, the dry batteries "e" and "{" are more preferable.

[0033] The dry battery "c" where the content of boric acid in the cathode mixture was 0.01 parts by weight did not
have sufficient effect. The dry battery "h" where the content of boric acid was 0.8 parts by weight, on the other hand,
did not improve the effect but undesirably increased the internal resistance of the battery before discharge. This dete-
riorates the discharge performances of the battery under heavy loading conditions.

[0034] The dry battery "i" to "m" of the present invention where boric acid was contained in the pasting agent of the
separator also had significantly better performance than that of the boric acid-free prior art battery "b". Further, among
them, the dry batteries "k" and "I" are more preferable.
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[0035] Although boric acid is contained in the cathode mixture or in the pasting agent of the separator in the above
examples, alkali borates, such as sodium borate and potassium borate, may exert the similar effects.

[0036] As described above, the present invention provides a mercury-free manganese dry battery having excellent
discharge properties under light loading conditions.

[0037] Although the present invention has been described in terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art to which the present invention pertains, after having read the above disclo-
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as
fall within the true spirit and scope of the invention.

Claims

1. A mercury-free manganese dry battery comprising a cathode mixture containing manganese dioxide as an active
material, an anode containing zinc as an active material, and a separator including paper with a pasting agent
applied thereon, wherein the cathode mixture contains either one of boric acid and an alkali borate at a ratio of 0.04
10 0.4 parts by weight per 100 parts by weight of manganese dioxide as a boron conversion value.

2. The mercury-free manganese dry battery in accordance with claim 1, wherein the cathode mixture contains either
one of boric acid and an alkali borate at a ratio of 0.08 to 0.2 parts by weight per 100 parts by weight of manganese
dioxide as a boron conversion value.

3. A mercury-free manganese dry battery comprising a cathode mixture containing manganese dioxide as an active
material, an anode containing zinc as an active material, and a separator including paper with a pasting agent
applied thereon, wherein the separator contains either one of boric acid and an alkali borate at a ratio of 0.1 t0 8.0
parts by weight per 100 parts by weight of a dry solid content included in the pasting agent as a boron conversion
value.

4. The mercury-free manganese dry battery in accordance with claim 3, wherein the separator contains either one of
boric acid and an alkali borate at a ratio of 1.0 to 4.0 parts by weight per 100 parts by weight of a dry solid content
included in the pasting agent as a boron conversion value.
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